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RENDERING DIGITAL REPORTELEMENTS 
USINGALAYOUT OPTIMIZATION TOOL 

FIELD 

The field relates generally to visualizing reports in digital 
content reporting systems, and more specifically, the field 
relates to automatic generation of an optimized layout plan 
using a layout optimization tool. 

BACKGROUND 

Digital content reporting systems provide mechanisms for 
graphically presenting information to a user of the computer 
system. There are numerous conventional techniques that a 
reporting application can utilize to generate or construct 
information to be presented within a graphical user interface 
(GUI). Visual reports are an effective way to present data for 
learning and analysis. Reporting tools obtain data from data 
Sources and provide the obtained data as visual report ele 
ments of a visual report. Examples of visual report elements 
include charts, graphs, plots, schemes, maps, or tables. Typi 
cally, the visual report elements in the visual report are dis 
persed arbitrarily on the layout region of the visual report. In 
order to sort the visual report elements, a user has to manually 
move the visual report elements using a user interface. In 
certain scenarios, the visual report may need to be presented 
on the GUIs of other devices having dissimilar display prop 
erties. For example, the other devices may have a smaller 
display area than the original GUI causing the report elements 
to skew or overlap with each other. In certain other scenarios, 
Business Intelligent reports have a dynamic layout, making it 
impossible to maintain a constant arrangement of report ele 
ments whenever the report elements are modified. For 
example, upon performing certain actions on the report (e.g., 
Refresh, Filter, Drill, etc.), the report elements may be 
resized, added, removed, or relocated in the layout region 
requiring a user to re-arrange the report elements each time. 

SUMMARY 

Various embodiments of systems and methods for auto 
matically generating a layout plan using a layout optimization 
tool are described herein. In one aspect, a method for auto 
matically generating a target layout plan using a layout opti 
mization tool involves invoking original layout information 
for digital report elements rendered on an original layout 
region. In an aspect, an optimized layout plan for rendering 
the digital report elements on the target layout region is gen 
erated by: determining an order of the digital report elements 
using the received original layout information, classifying the 
digital report elements into multiple arrays of digital report 
elements, deriving origin values for the digital report ele 
ments as a quotient of original dimensions of the digital report 
elements in the corresponding array, determining dimension 
quotient for the digital report elements based on the derived 
origin values for the digital report elements in the correspond 
ing array, and determining target layout values as a function 
of the derived origin values and dimension quotient. Further, 
the method involves arranging the digital report elements on 
the target layout region based on the optimized layout plan 
defined by the target layout values. 

These and other benefits and features of embodiments of 
the invention will be apparent upon consideration of the fol 
lowing detailed description of preferred embodiments 
thereof, presented in connection with the following drawings. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The claims set forth the embodiments of the invention with 
particularity. The invention is illustrated by way of example 
and not by way of limitation in the figures of the accompa 
nying drawings in which like references indicate similar ele 
ments. The embodiments of the invention, together with its 
advantages, may be best understood from the following 
detailed description taken in conjunction with the accompa 
nying drawings. 

FIG. 1 is a flow diagram illustrating a method of arranging 
digital report elements on a target layout region using a layout 
optimization tool, according to one embodiment. 

FIG. 2 is a flow diagram illustrating a method for automati 
cally generating an optimized layout plan using a layout 
optimization tool, according to one embodiment. 

FIG.3 is a flow diagram illustrating a method for classify 
ing the digital report elements into multiple arrays of digital 
report elements, according to one embodiment. 

FIGS. 4 to 8 illustrate an exemplary layout region through 
the various steps of generating an optimized layout plan, 
according to one embodiment. 

FIG. 9 illustrates an exemplary target layout region accord 
ing the optimized layout plan, according to one embodiment. 

FIGS. 10 to 12 provide a visual representation of an 
embodiment in the optimized layout plan generation process, 
according to one embodiment. 

FIG. 13 is a block diagram of an exemplary system, accord 
ing to one embodiment. 

FIG. 14 is a block diagram of an exemplary computer 
system according to one embodiment. 

DETAILED DESCRIPTION 

Embodiments of techniques for automatically generating 
an optimized layout plan using a layout optimization tool are 
described herein. In the following description, numerous spe 
cific details are set forth to provide a thorough understanding 
of embodiments of the invention. One skilled in the relevant 
art will recognize, however, that the invention can be prac 
ticed without one or more of the specific details, or with other 
methods, components, materials, etc. In other instances, well 
known structures, materials, or operations are not shown or 
described in detail to avoid obscuring aspects of the invention. 

Reference throughout this specification to “one embodi 
ment”, “this embodiment and similar phrases, means that a 
particular feature, structure, or characteristic described in 
connection with the embodiment is included in at least one 
embodiment of the present invention. Thus, the appearances 
of these phrases in various places throughout this specifica 
tion are not necessarily all referring to the same embodiment. 
Furthermore, the particular features, structures, or character 
istics may be combined in any Suitable manner in one or more 
embodiments. 

FIG. 1 illustrates a flow diagram of a method 100 for 
automatically generating an optimized layout plan using a 
layout optimization tool, according to an embodiment. The 
method 100, implemented by a computer or any other elec 
tronic device having processing capabilities, includes at least 
the following process illustrated with reference to process 
blocks 110 to 130. In an aspect, at process block 110, original 
layout information relating to digital report elements, that if 
invoked would be rendered on an original layout region, is 
presented. The original layout information includes data 
indicative of the location of report elements such as coordi 
nate values and dimension values of the digital report ele 
ments that are originally rendered on the original layout 
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region. The term "original layout region' as used herein refers 
to a display area of a graphical interface on which the digital 
report elements are originally rendered. The digital report 
elements as originally rendered may be arbitrarily distributed 
on the original layout region. Digital report elements are 
visual representations of information or data, capable of 
being generated and rendered on a graphical or display inter 
face by a computer. Examples of digital report elements 
include, but are not limited to, tables, charts, graphs, plots, 
icons, and any other graphical representations. 

At process block 120, an optimized layout plan for laying 
out the digital report elements on a target layout region is 
automatically generated. The term “target layout region' as 
used herein refers to a graphical interface onto which the 
digital report elements from the original layout region are 
re-laid. The optimized layout plan is an optimal scheme of 
arranging the digital report elements on the target layout 
region. For example, the optimized layout plan provides an 
arrangement of the digital report elements in which excess 
space between the report elements are removed and the digital 
report elements are scaled and aligned to fit within a target 
layout region. In an aspect, the original layout region is asso 
ciated with a device external to the device having the target 
layout region. In another aspect, the original layout region 
and the target layout region are associated with one and the 
same device. In the latter, the original layout region maybe a 
landscape type layout and the target layout region may be a 
portrait type layout region, for example. 

At process block 130, the digital report elements are re-laid 
on the target layout region according to the optimized layout 
plan. In an embodiment, re-laying the digital report elements 
on the target layout region includes re-sizing and/or re-posi 
tioning one or more digital report elements according to the 
optimized layout plan prior to rendering on the target layout 
region. The optimized layout plan is defined by target layout 
values such as target dimensions and target coordinate values 
for the digital report elements. 

In an embodiment, the target layout values may be derived 
in accordance with the method described with reference to 
FIG. 2. Herein, the coordinate system is Cartesian and left 
handed, i.e., X-axis is horizontal and positive is right, y-axis is 
vertical and positive is down. Unless otherwise specified a 
report element's location is closest to the origin of coordinate 
system, e.g., upper left corner. At process block 210, an order 
of the digital report elements is determined using the original 
layout information. In an aspect, the order of occurrence of 
the digital report elements is determined using the coordinate 
values of each of the digital report elements. Based on the 
co-ordinate values, the order of occurrence of the digital 
report elements along a first coordinate axis is determined. 
For example, the order of occurrence of the digital report 
elements as rendered on the original layout region, along 
X-axis may be determined using the 'X' co-ordinate values of 
each of the digital report elements. In an example, for a set of 
digital report elements labeled A-L, the co-ordinate (x,y) 
values as provided in the original layout information are as 
follows, denoted as element name(X position, y position): 

A(20,32), B(10,10), C(43,30), D(22, 10), E(17,32), F(30, 
21), G(5, 20), H(7,42), I(23, 21), J(42, 10), K(31, 40), L(25, 
41) 
Using the “x' co-ordinate values, the digital report elements 
are ordered according to the order of occurrence of the digital 
report elements along the X-axis. Accordingly, in the given 
example, the order of the digital report elements along the 
X-axis, denoted as element name(X position), is determined 
aS 

G(5), H(7), B(10), E(17), A(20), D(22), I(23), L(25), 
F(30), K(31), J(42), C(43). 
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4 
Upon determining the order of occurrence of the digital report 
elements along at least one co-ordinate axis, the method 
proceeds to classifying the digital report elements into mul 
tiple arrays of digital report elements. 
At process block 220, the ordered digital report elements 

are classified into one or more arrays of elements. In an 
aspect, as shown in process blocks 221-228 in FIG. 3, the 
digital report elements are traversed (221) along the order 
determined at process block 210 and split into several arrays. 
For example, the number of vertical arrays is determined as 
the maximum number of digital report elements occurring 
along the X-coordinate axis in any row. The digital report 
elements are looked up one by one starting with the second 
digital report element along the order and determined 
whether the left edge of a currently traversed digital report 
element is greater thana right edge of the previously traversed 
digital report element(s). The traversed digital report ele 
ments are aligned (223) in the same array as long as the left 
edge of the traversed digital report element is not greater than 
the right edge of the previously traversed digital report ele 
ment(s). 
On the other hand, if it is determined (224) that the left edge 

of a currently traversed digital report element is greater than 
the right edge of one or more previous digital report elements, 
a new array is formed (225) with the currently traversed 
digital report element and the Subsequent digital report ele 
ments in the order. The new array is traversed and steps of 
process blocks 224-226 are iteratively performed with the 
newly formed array until no new arrays can beformed or until 
the end of the order of digital report elements is reached (228). 
The digital report elements may be split into either vertical 
arrays (columns of elements) or horizontal arrays (rows of 
elements). In the given example, the ordered digital report 
elements is split into multiple vertical arrays as follows: 

: k C 

A new array is formed with the digital report element A since 
the left edge of digital report element A is greater than the 
right edge of digital report elements G, H, B, and E. The left 
edge of the digital report element A is defined by its x-coor 
dinate value while the right edge of the digital report elements 
G, H, B, and E are defined by a sum of the x-coordinate value 
and the width value for each of elements G, H, B, and E. In the 
given example, 

Left edge of A defined by X(A)=20, and 
Right edge of G defined by (X(G)+w(G))=5+10–15, 
Therefore, X(A)>(X(G)+w(G)). 

Similarly, the arrays are formed with F and J respectively 
since, 

In an embodiment, upon classifying the digital report ele 
ments into multiple arrays, the digital report elements in each 
array are further ordered according to the order of occurrence 
of the digital report elements, along a second co-ordinate 
axis, as originally rendered on the original layout region. For 
example, the order of occurrence of the digital report ele 
ments in each of the multiple arrays, along y-axis is deter 
mined using the “y” co-ordinate values of each of the digital 
report elements as provided in the original layout informa 
tion. In the given example, the co-ordinate values for digital 
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report elements are given as follows, denoted as element 
name(X position, y position), 

A(20,32), B(10, 10), C(43,30), D(22, 10), E(17,32), F(30, 
21), G(5, 20), H(7,42), I(23, 21), J(42, 10), K(31, 40), 
L(25, 41) 

Using the “y” co-ordinate values for the digital report ele 
ments in each array, the digital report elements in each verti 
cal array is re-ordered as follows, denoted as element name 
(y position) 

G(20) A(32) F(21) JC10) 
H(42) D(10) K(40) C(30) 
B(10) I(21) 
E(32) L(41) 

B(10) D(10) F(21) JC10) 
G(20) I(21) K(40) C(30) 
E(32) A(32) 
H(42) L(41) 

-> 

Subsequent to splitting the digital report elements into 
multiple arrays, at process block 230, origin (x, y) values are 
derived for the digital report elements in each array along at 
least the vertical (y) and horizontal (x) coordinate axes. Ori 
gin (x,y) values represent intermediate co-ordinate values for 
the digital report elements and are used to determine frac 
tional target layout values for the optimized layout plan. In an 
aspect, the origin values are derived as a quotient of original 
dimensions of the digital report elements in the correspond 
ing array. For example, the digital report element(s) in each 
array are traversed one-by-one and a magnitude of a cumu 
lative dimension of the traversed digital report element(s) is 
divided by a magnitude of an aggregate dimension of the 
digital report elements in the corresponding array. In the 
given example, the dimension values for each of the digital 
report elements as provided in the original layout information 
are as follows, denoted element width, height: 

D11, 7) F6, 11 
I10, 11 K9, 8 C9, 26 
A13, 12 
L11, 10 

Where, element width, height represents the width, and 
height of each digital report element. 

Based on the height value for each digital report element in 
an array, the origin y Value for each digital report element 
along the vertical axis (y-axis) is calculated. For example, 
considering the vertical array formed of elements B. G. E. and 
H, the originy values for B. G. E. Hare calculated using the 
following equations, 

Where, 
R is a reference margin value, where R is a variable that can 

be pre-defined. In the given example, R=0. 
y, y. . . . y represent the origin y of each element in the 

array formed by B. G. E. H respectively. 
Applying the original height values of the digital report ele 
ments to the above equations, produces origin y Values for 
digital report elements, B. G. E., H as follows: 
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6 

Similarly, the originy values are derived for the rest of the 
multiple arrays. Further, the origin X values for the digital 
report elements along the horizontal axis (X-axis) are derived 
based on the width values for each digital report element in 
each array. In an aspect, the origin X values for the digital 
report elements in an array are determined by dividing a 
magnitude of a cumulative dimension of maximum width 
values of digital report element(s) in each array that is tra 
versed by a magnitude of an aggregate of the maximum width 
of the digital report elements in each of the multiple arrays. In 
the given example, considering the vertical array formed of 
elements B. G. E. and H, the originx values for B. G. E. Hare 
calculated using the following equations, denoted as ele 
ment name(X position) 

Where, 
R=0 is a reference origin value 
max(w, w, w, w) represents the maximum value of the 

original widths w, w, w, w, for digital report elements 
B. G. E., H in the array 

X, X. X. X represent the origin X value for each element 
in the array formed by B. G. E. H respectively. 

Similarly, the origin (x) values for the rest of the vertical 
array are determined as follows: 

D(x).I(x).A(x). L(x)=0+max(10,10,10,10) max(10, 
10,10,10)+max(11,10,13,11)+max(6.9)+max(9, 
9) 

F(x). K(x)=0+max(10,10,10,10)+max(11,10,13,11). 
max(10,10,10,10)+max(11,10,13,11)+max(6, 
9)+max(9.9) 

J(x),C(x)=0+max(10,10,10,10)+max(11,10,13,11)+ 
max(6.9), max(10,10,10,10)+max(11,10,13,11)+ 
max(6.9)+max(9.9) 
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The origin values derived as above are used to determine 
dimension quotient for the digital report elements in each 
array. The dimension quotient represents fractional values of 
the dimensions (height, width) of the original digital report 
elements, used for Scaling the dimensions of the digital report 
elements according to the dimensions of the target layout 
region. In an aspect, at process block 240, the dimension 
quotient for the digital report elements in the multiple arrays 
is determined by traversing the digital report element(s) 
sequentially along the array and determining a dimension 
quotient for a particular digital report element by Subtracting 
an origin value of the particular digital report element from 
the origin value of a succeeding digital report element in the 
array. In the given example, the origin values for the digital 
report elements derived at in process block 230 areas follows: 

B(0, 0) D(0.24, O) F(0.56,0) J(0.78, O) 
G(0, 0.2) I(0.24, 0.1) K(0.56, 0.5) C(0.78, 0.5) 
E(0, 0.4) A(0.24, 0.4) 
H(0, 0.7) L(0.24, 0.7) 

Using the origin values, the dimension quotient for the digital 
report elements are calculated as a difference of the origin 
values of consecutive digital report elements, along the direc 
tion of the co-ordinate axis. For example, considering the 
vertical array formed of elements B. G. E. and H, the dimen 
sion quotient for height is calculated as the difference in the 
originy values between consecutive digital report elements in 
the vertical array, as follows: 
The dimension quotient of the heights is then, 

Where R is a reference margin value, where R is a variable 
that can be pre-defined. In the given example, R=0. 

Similarly, the dimension quotient of the heights is derived for 
the rest of the multiple vertical arrays. 

Further, the dimension quotient for width is calculated as 
the difference in the origin X values between consecutive 
digital report elements in the horizontal array. For example, 
considering the horizontal array formed of elements B, D, F. 
and J, the dimension quotient for width is calculated as the 
difference in the origin X values between consecutive digital 
report elements in the horizontal array, as follows: 

B(0, 0) D(0.24, O) F(0.56,0) J(0.78, O) 

The dimension quotient of the widths is then, 

Similarly, the dimension quotient of the width values are 
derived for the rest of the horizontal arrays. 
The origin values and the dimension quotient for the elements 
A-L are derived as follows, denoted as element name(x po 
sition, y position) width, height: 
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B(0, 0)0.24, D(0.24, O)0.32, F(0.56, O)0.22, J(0.78, O)0.22, 
0.2 0.1 0.5) 0.5) 
G(0,2)0.24, I(0.24, .1)0.32, K(0.56, .5)0.22, C(0.78, .5)0.22, 
0.2 .3 .5) .5) 
E(0, 0.4)0.24, A(0.24, 0.4)0.32, 
0.3 0.3 
H(0, 0.7)0.24, L(0.24, 0.7)0.32, 
0.3 0.3 

At process block 250, target layout values are derived as a 
function of the derived origin values and dimension quotient. 
In an aspect, the target dimension values are derived as a 
product of the dimension quotient for each digital report 
element and the actual dimensions (W. H) of the target layout 
region. In an example, the actual dimensions W. H of the 
target layout region refer to the width and height dimensions 
of the target layout region limited by the physical display area 
of a target device. The target origin values are derived as a 
product of the derived origin values and the dimensions (W. 
H) of the target layout region. The derived target layout values 
define the target layout plan for optimally arranging the digi 
tal report elements on the target layout region. In an aspect, 
the target layout values may be calculated taking into account 
a pre-defined space value to be allotted between the digital 
report elements in the target layout. For example, a certain 
amount of pixel space may be predefined as a space value, 
Such that the origin values are calculated factoring the pixels 
allotted for the space between the elements. The space value 
may be user defined or provided as a default setting. 

In an embodiment, upon determining the target layout val 
ues for rendering the digital report elements on the target 
layout region, the target coordinate values and target dimen 
sion values are further analyzed to determine whether one or 
more digital report elements have overlapping edges with one 
or more other digital report elements. For example, the target 
co-ordinate values of a digital report element is compared 
with a Sum of target co-ordinate value and dimension value 
for one other digital report element that is adjacent (or pre 
ceding) the digital report element, to determine whether an 
overlap occurs. If it is determined that an overlap occurs, then 
the digital report element is proportionately scaled down 
(cropped) or moved in the target layout region. Specifically, 
Such correction ensures that the spanning elements do not 
overlap with other elements as rendered on the target layout 
region. 
The digital report elements are then arranged on the target 

layout region based on the optimized layout plan. In an 
aspect, prior to rendering the digital report elements on the 
target layout region, the dimensions of the digital report ele 
ments are modified according to the target dimension values. 
Further, the co-ordinate position of the digital report elements 
are modified according to the target co-ordinate values. 

In an embodiment, upon classifying the digital report ele 
ments into multiple arrays of digital report elements at pro 
cess block 220, the method includes determining whether one 
or more digital report elements span between two or more of 
the multiple arrays of digital report elements. The multiple 
arrays can include horizontal arrays or vertical arrays. If a 
digital report element spans between two or more vertical 
arrays, a horizontal spanning value is calculated for the digital 
report element. If the digital report element spans between 
two or more horizontal arrays, a vertical spanning value is 
calculated for the digital report element. The digital report 
element is assigned to one of the two or more arrays and a 
proxy digital report element is created and assigned to the 
other arrays of the two or more arrays based on the horizontal 
or vertical spanning value. The proxy digital report element is 
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temporarily treated as any other digital report element in the 
array and the steps of the method from process blocks 230 
250 are applied to the proxy digital report element in deter 
mining the target layout values. Upon identifying one or more 
spanning digital report elements, the multiple arrays may be 
further split if the left edge of at least one spanning digital 
report element is greater than the right edge of any other 
element in the corresponding array. Once the target layout 
values are calculated for the proxy digital report element, the 
digital report elements that were originally spanning across 
multiple arrays, is spanned on the target layout region accord 
ing to the target dimensions (height, width) calculated for the 
proxy digital report elements. 

Further, in an embodiment, the original layout information 
may include one or more layout constraints associated with 
the digital report elements. For example, the layout con 
straints may define a maximum/minimum height, minimum/ 
maximum width, fixed edge, fixed position, etc. The opti 
mized layout plan is generated considering the layout 
constraints. For example, when the layout constraint for a 
particular digital report element defines a maximum height 
value which is less than the derived target height value, then 
the digital report element is scaled to the maximum height 
value defined by the layout constraint. In Such a scenario, the 
digital report element is rendered on the target layout region 
with the height value as the maximum height value. In another 
example, if the digital report element is a Table, and the layout 
constraint defines a maximum width value, then the Table 
may be rendered on the target layout region with a width 
scaled to the maximum width value. However, the Table may 
be rendered scrollable from at least one edge, such that the 
contents of the table can be viewed by scrolling the Table. 

FIGS. 4 to 9 provide a visual representation of the opti 
mized layout plan generation process described with refer 
ence to FIGS. 1 to 3. FIG. 4 illustrates an exemplary original 
layout region 410 having digital report elements rendered 
thereon. The dimension values and the co-ordinate values 
pertaining to the digital report elements numbered 1-12 con 
stitute the original layout information. Using the original 
layout information, the digital report elements are ordered in 
a particular order defined by the order of occurrence of the 
digital report elements along a particular axis. For example, 
based on the 'x' co-ordinate values of elements 1 to 12, the 
order of occurrence of the elements along the X-axis is deter 
mined as 7, 8, 2, 5, 1, 4, 9, 12, 6, 11, 10, and 3. Upon ordering 
the digital report elements, the digital report elements are 
classified into one or more arrays. As shown in FIG. 5, the 
digital report elements are classified into multiple vertical 
arrays 510. As mentioned above, the digital report elements 
are classified by determining whether the left edge of the 
digital report element is greater that a right edge of the pre 
vious digital report element(s). 

In the given example, the digital report elements are tra 
versed in the determined order starting with digital report 
element 7. The digital report elements 7, 8, 5, and 2 are 
aligned to form a first array since the left edge of the digital 
report elements 7, 8, 5, or 2 is found to be less than the right 
edge of any of the previous digital report elements. Upon 
traversing further, the digital report element 4 is found to have 
its left edge greater than the right edge of digital report ele 
ments 7, 8, 5, and 2. A new array is formed with the digital 
report element 4 followed by the digital report elements 9, 12. 
6, 11, and 10. The digital report elements 9, 12, 6, 11, and 10 
are aligned under digital report element 4 to form a second 
array, as long as one of 9, 12, 6, 11, and 10 has a left edge 
greater than the right edge of the elements in the array starting 
from 4. The above steps are iteratively performed with the 
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10 
newly formed array until no new arrays can beformed or until 
the end of the order of digital report elements is reached. 

After the digital report elements are classified into vertical 
arrays, the digital report elements are ordered again within 
their respective vertical arrays. For example, the digital report 
elements 7, 8, 5, and 2 in the first array are ordered according 
to the order of occurrence of the digital report elements along 
the y-axis using the “y” co-ordinate values for 7, 8, 5, and 2. 
Similarly, the digital report elements within the second and 
Subsequent arrays are ordered using the “y” co-ordinate val 
ues. Further, a horizontal spanning value is calculated for 
digital report elements 4 and 1 based on determining that the 
digital report elements 4 and 1 span across at least two vertical 
arrays. Based on the horizontal values for digital report ele 
ments 4 and 1, proxy digital report elements 4' and 1' are 
generated. 
As shown in FIG. 6, the spanning digital report elements 4 

and 1 are restricted to one (e.g., a first) vertical array and the 
proxy digital report elements 4' and 1' are rendered in the 
other vertical array that was spanned. The proxy digital report 
elements merely simulate the digital report elements and act 
as placeholders in the overall layout determination process. 
As shown in FIG. 7, the origin values are derived for each 

of the digital report elements including the proxy digital 
report elements based on the dimension values (h, w) of the 
digital report elements. Further, using the origin values, the 
dimension quotient for the digital report elements are calcu 
lated as a difference of the origin values of consecutive digital 
report elements, along the direction of the co-ordinate axis. 
The target layout values are then derived as a function of the 
derived origin values and dimension quotient. The digital 
report elements are then resized and repositioned according 
to the target layout values as show in FIG.8. The target layout 
values optimize the layout plan by removing unnecessary 
spaces and misaligned margins such that the digital report 
elements are rendered on a target layout region in an opti 
mized manner as shown in FIG.9. The digital report elements 
4 and 1 may be rendered to span over a dimension defined by 
the corresponding values. For example, the digital report 
element 4 is laid on the target layout region with its width 
calculated as a sum of the widths of element 4 and 4' in FIG. 
8. 

FIGS. 10 to 12 provide a visual representation of an 
embodiment in the optimized layout plan generation process. 
According to the embodiment, the digital report elements 
may be further split into additional arrays depending on the 
position of the spanning elements in an array. As shown in the 
example, the digital report elements 1-7 are split into 3 ver 
tical arrays formed of sets of elements 2, 4, 7, 2’, 3, 1.7", 5. 
and 3', 6, 5. Elements 2', 7", 3', and 5' represent spanning 
elements. For example, considering the second array formed 
of elements 2, 3, 1, 7, 5), a reference right edge (minR) is 
determined, where the minR is the minimum of a sum of “x' 
co-ordinate value and the width value of the spanned ele 
ments in the second array. The left edges of the digital report 
elements falling within the second array are compared with 
the minR value and if it is determined that one or more digital 
report elements left edge is greater than the minR value, a 
new array is formed with the one or more digital report 
elements. In the given example, referring to the second array, 
the five elements are split further into two arrays formed of 
elements 2', 1, 7 and 3, 1", 5. 

FIG. 13 is a block diagram of an exemplary system 1320 
for automatically generating an optimized layout plan using a 
layout optimization tool, according to one embodiment. The 
system 1320 may be communicatively coupled to one or more 
data source systems 1310. Data source systems 1310 refer to 
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sources of data that enable data storage and/or retrieval. For 
example, data source system 1310 may include databases, 
web applications, web server, a reporting tool, data server etc. 
Examples of databases include relational, transactional, hier 
archical, multi-dimensional (e.g., OLAP), object oriented 
databases, and the like. Data source systems 1310 may also 
include a data source where the data is not tangibly stored or 
otherwise ephemeral Such as data streams, broadcast data, 
and the like. 

In an embodiment, the system 1320 includes a processor 
1330 that executes software instructions or code comprising 
the layout optimization tool, Stored on a computer readable 
storage medium, to perform the above-illustrated methods. 
The system 1320 includes a media reader to read the instruc 
tions from the computer readable storage medium and store 
the instructions in storage or in random access memory 
(RAM). For example, the computer readable storage medium 
includes executable instructions for performing operations 
including, but not limited to, invoking original layout infor 
mation relating to digital report elements rendered on an 
original layout region, generating an optimized layout plan 
for the digital report elements and arranging the digital report 
elements on the target layout region based on the optimized 
layout plan. In an aspect, the original layout region is associ 
ated with a device external to the system 1320. Examples of 
the external device include handheld tablet device, laptop, 
personal computer, PDA, Smart phones, etc. In another 
aspect, the original layout region and the target layout region 
are associated with the system 1320. In the latter, the original 
layout region maybe a landscape type layout and the target 
layout region may be a portrait type layout region. 

According to an aspect, the memory 1340 holds the origi 
nal layout information 1342 and target layout information 
1345. The original layout information 1342 includes dimen 
sion values and co-ordinate values relating to digital report 
elements that are rendered on the original layout region. The 
target layout information refers to the dimension (e.g., height 
and width) values relating to the target layout region. The 
target layout region is a graphical user interface capable of 
displaying digital content. The dimensions of the target lay 
out region refer to the dimensions of the graphical user inter 
face. In an aspect, the dimension values are expressed interms 
of pixel counts and the target layout values are derived in 
terms of pixel counts. 

The processor may retrieve the original layout information 
directly from the data source system 1310 or the external 
device. The processor 1330 then processes the original layout 
information 1342 using the optimized layout plan generator 
1335 in order to perform the steps of the process described 
with reference to FIGS. 1-3. The digital report elements are 
rendered on the target layout region of the display 1315 of the 
target device 1320 according to the optimized layout plan. 
Some embodiments of the invention may include the 

above-described methods being written as one or more soft 
ware components. These components, and the functionality 
associated with each, may be used by client, server, distrib 
uted, or peer computer systems. These components may be 
written in a computer language corresponding to one or more 
programming languages such as, functional, declarative, pro 
cedural, object-oriented, lower level languages and the like. 
They may be linked to other components via various appli 
cation programming interfaces and then compiled into one 
complete application for a server or a client. Alternatively, the 
components maybe implemented in server and client appli 
cations. Further, these components may be linked together via 
various distributed programming protocols. Some example 
embodiments of the invention may include remote procedure 
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12 
calls being used to implement one or more of these compo 
nents across a distributed programming environment. For 
example, a logic level may reside on a first computer system 
that is remotely located from a second computer system con 
taining an interface level (e.g., a graphical user interface). 
These first and second computer systems can be configured in 
a server-client, peer-to-peer, or some other configuration. The 
clients can vary in complexity from mobile and handheld 
devices, to thin clients and on to thick clients or even other 
SWCS. 

The above-illustrated software components are tangibly 
stored on a computer readable storage medium as instruc 
tions. The term “computer readable storage medium’ should 
be taken to include a single medium or multiple media that 
stores one or more sets of instructions. The term “computer 
readable storage medium’ should be taken to include any 
physical article that is capable of undergoing a set of physical 
changes to physically store, encode, or otherwise carry a set 
of instructions for execution by a computer system which 
causes the computer system to performany of the methods or 
process steps described, represented, or illustrated herein. 
Examples of computer readable storage media include, but 
are not limited to: magnetic media, such as hard disks, floppy 
disks, and magnetic tape; optical media Such as CD-ROMs, 
DVDs and holographic devices; magneto-optical media; and 
hardware devices that are specially configured to store and 
execute, such as application-specific integrated circuits 
(ASICs'), programmable logic devices (“PLDs) and ROM 
and RAM devices. Examples of computer readable instruc 
tions include machine code. Such as produced by a compiler, 
and files containing higher-level code that are executed by a 
computer using an interpreter. For example, an embodiment 
of the invention may be implemented using Java, C++, or 
other object-oriented programming language and develop 
ment tools. Another embodiment of the invention may be 
implemented in hard-wired circuitry in place of or in com 
bination with machine readable software instructions. 

FIG. 14 is a block diagram of an exemplary computer 
system 1400. The computer system 1400 includes a processor 
1405 that executes software instructions or code stored on a 
computer readable storage medium 1455 to perform the 
above-illustrated methods of the invention. The computer 
system 1400 includes a media reader 1440 to read the instruc 
tions from the computer readable storage medium 1455 and 
store the instructions in storage 1410 or in random access 
memory (RAM) 1415. The storage 1410 provides a large 
space for keeping static data where at least Some instructions 
could be stored for later execution. The stored instructions 
may be further compiled to generate other representations of 
the instructions and dynamically stored in the RAM 1415. 
The processor 1405 reads instructions from the RAM 1415 
and performs actions as instructed. According to one embodi 
ment of the invention, the computer system 1400 further 
includes an output device 1425 (e.g., a display) to provide at 
least some of the results of the execution as output including, 
but not limited to, visual information to users and an input 
device 1430 to provide a user or another device with means 
for entering data and/or otherwise interact with the computer 
system 1400. Each of these output devices 1425 and input 
devices 1430 could be joined by one or more additional 
peripherals to further expand the capabilities of the computer 
system 1400. A network communicator 1435 may be pro 
vided to connect the computer system 1400 to a network 1450 
and in turn to other devices connected to the network 1450 
including other clients, servers, data stores, and interfaces, for 
instance. The modules of the computer system 1400 are inter 
connected via a bus 1445. Computer system 1400 includes a 
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data source interface 1420 to access data source 1460. The 
data source 1460 can be accessed via one or more abstraction 
layers implemented in hardware or software. For example, 
the data source 1460 may be accessed by network 1450. In 
some embodiments the data source 1460 may be accessed via 
an abstraction layer, such as, a semantic layer. 
A data source is an information resource. Data sources 

include sources of data that enable data storage and retrieval. 
Data sources may include databases, such as, relational, 
transactional, hierarchical, multi-dimensional (e.g., OLAP), 
object oriented databases, and the like. Further data sources 
include tabular data (e.g., spreadsheets, delimited text files), 
data tagged with a markup language (e.g., XML data), trans 
actional data, unstructured data (e.g., text files, screen scrap 
ings), hierarchical data (e.g., data in a file system, XML data), 
files, a plurality of reports, and any other data source acces 
sible through an established protocol. Such as, Open Data 
Base Connectivity (ODBC), produced by an underlying soft 
ware system (e.g., ERP system), and the like. Data sources 
may also include a data source where the data is not tangibly 
stored or otherwise ephemeral Such as data streams, broadcast 
data, and the like. These data Sources can include associated 
data foundations, semantic layers, management systems, 
security systems and so on. 

In the above description, numerous specific details are set 
forth to provide a thorough understanding of embodiments of 
the invention. One skilled in the relevant art will recognize, 
however that the invention can be practiced without one or 
more of the specific details or with other methods, compo 
nents, techniques, etc. In other instances, well-known opera 
tions or structures are not shown or described in details to 
avoid obscuring aspects of the invention. 

Although the processes illustrated and described herein 
include series of steps, it will be appreciated that the different 
embodiments of the present invention are not limited by the 
illustrated ordering of steps, as some steps may occur in 
different orders, some concurrently with other steps apart 
from that shown and described herein. In addition, not all 
illustrated Steps may be required to implement a methodology 
in accordance with the present invention. Moreover, it will be 
appreciated that the processes may be implemented in asso 
ciation with the apparatus and systems illustrated and 
described herein as well as in association with other systems 
not illustrated. 
The above descriptions and illustrations of embodiments 

of the invention, including what is described in the Abstract, 
is not intended to be exhaustive or to limit the invention to the 
precise forms disclosed. While specific embodiments of, and 
examples for, the invention are described herein for illustra 
tive purposes, various equivalent modifications are possible 
within the scope of the invention, as those skilled in the 
relevant art will recognize. These modifications can be made 
to the invention in light of the above detailed description. 
Rather, the scope of the invention is to be determined by the 
following claims, which are to be interpreted in accordance 
with established doctrines of claim construction. 

What is claimed is: 
1. A computer-implemented method of arranging digital 

report elements on a target layout region, the method com 
prising: 

invoking original layout information for the digital report 
elements rendered on an original layout region, wherein 
the original layout information comprises coordinate 
values and original dimensions including width and 
height values of the digital report elements; 

14 
automatically generating, by the computer, an optimized 

layout plan for rendering, the digital report elements on 
the target layout region comprising: 
determining an order of the digital report elements, 

5 along a first coordinate axis; 
classifying the digital report elements into multiple 

arrays based on the original layout information and 
the determined order; 

deriving origin values for the digital report elements in 
the multiple arrays based on the original dimensions 
of the digital report elements, wherein the origin val 
ues are derived along at least the first coordinate axis 
and the second coordinate axis, wherein deriving the 
origin values for the digital report elements along the 
first coordinate axis comprises: 
traversing at least one of the multiple arrays sequen 

tially along the first coordinate axis; and 
dividing a sum of maximum of width values of the 

digital report elements in the at least one of the 
multiple arrays that are traversed by a sum of maxi 
mum of width values of the digital report elements 
in the multiple arrays; 

further wherein deriving the origin values for the digital 
report elements along the second coordinate axis 
comprises: 
traversing at least one of the digital report elements 

sequentially along each array of the multiple 
arrays; and 

dividing a Sum of height values of the at least one of 
the digital report elements that are traversed in a 
corresponding array by a sum of height values of 
the digital report elements in the corresponding 
array; 

determining fractional values for Scaling the original 
dimensions of the digital report elements in the mul 
tiple arrays based on the derived origin values, along 
the first coordinate axis and the second coordinate 
axis; and 

determining target layout values as a function of the 
derived origin values and the determined fractional 
values; and 

arranging the digital report elements on the target layout 
region based on the determined target layout values. 

2. The method of claim 1, wherein classifying the digital 
45 report elements into the multiple arrays comprises: 

traversing the digital report elements in the determined 
order and aligning the digital report elements in an array 
as long as a left edge of a traversed digital report element 
is not greater than a right edge of at least one previously 
traversed digital report element; 

determining that the left edge of the traversed digital report 
element is greater than the right edge of the at least one 
previously traversed digital report element; and 

forming a new array with the traversed digital report ele 
ment and Subsequent digital report elements in the deter 
mined order. 

3. The method of claim 1, wherein determining the order of 
the digital report elements using the coordinate values of the 
digital report elements comprises: determining an order of 

60 occurrence of the digital report elements, as rendered on the 
original layout region, along the first coordinate axis using the 
coordinate values of the digital report elements. 

4. The method of claim 1, wherein determining the order of 
the digital report elements in each array of the multiple arrays 

65 comprises: determining an order of occurrence of the digital 
report elements in each array along the second coordinate 
axis using the coordinate values of the digital report elements. 
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5. The method of claim 1, further comprising: 
determining that at least one digital report element spans 

between at least two arrays of the multiple arrays; and 
assigning the at least one digital report element to one of 

the at least two arrays and creating a proxy digital report 
element for the rest of the at least two arrays based on a 
spanning Value. 

6. The method of claim 1, wherein determining fractional 
values for Scaling the digital report elements in the multiple 
arrays comprises: 

traversing the digital report elements sequentially along 
each array of the multiple arrays; and 

determining fractional values for Scaling a particular digi 
tal report element by Subtracting the origin values of the 
particular digital report element from the origin value of 
a succeeding digital report element in the corresponding 
array. 

7. The method of claim 1, wherein determining target lay 
out values comprises: 

determining target dimensions of the digital report ele 
ments as a function of determined fractional values; and 

determining target origin values as a function of the derived 
origin values for the digital report elements. 

8. The method of claim 1, wherein arranging the digital 
report elements on the target layout region based on the 
determined target layout values comprises modifying the 
original dimensions of the digital report elements according 
to the target layout values and rendering the modified digital 
report elements on the target layout region. 

9. An article of manufacture, comprising: 
a non-transitory computer readable storage medium hav 

ing instructions which when executed by a computer 
causes the computer to: 

invoke original layout information relating to digital report 
elements rendered on an original layout region, wherein 
the original layout information comprises coordinate 
values and original dimensions including height and 
width values of the digital report elements: 

automatically generate an optimized layout plan for ren 
dering the digital report elements on the target layout 
region comprising: 
determining an order of the digital report elements, 

along a first coordinate axis; 
classifying the digital report elements into multiple 

arrays based on the original layout information and 
the determined order; 

deriving origin values for the digital report elements in 
the multiple arrays based on the original dimensions 
of the digital report elements, wherein the origin val 
ues are derived along at least the first coordinate axis 
and the second coordinate axis, wherein deriving the 
origin values for the digital report elements along the 
first coordinate axis comprises: 
traversing at least one of the multiple arrays sequen 

tially along the first coordinate axis; and 
dividing a sum of maximum of width values of the 

digital report elements in the at least one of the 
multiple arrays that are traversed by a sum of maxi 
mum of width values of the digital report elements 
in the multiple arrays; 

further wherein deriving the origin values for the digital 
report elements, along the second coordinate axis 
comprises: 
traversing at least one of the digital report elements 

sequentially along each array of the multiple 
arrays; and 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
dividing a Sum of height values of the at least one of 

the digital report elements that are traversed in a 
corresponding array by a sum of height values of 
the digital report elements in the corresponding 
array; 

determining fractional values for Scaling the original 
dimensions of the digital report elements in the mul 
tiple arrays based on the derived origin values, along 
the first coordinate axis and the second coordinate 
axis; and 

determining target layout values as a function of the 
derived origin values and the determined fractional 
values; and 

arranging the digital report elements on the target layout 
region based on the determined target layout values. 

10. A display device comprising: 
a display interface; 
a memory to store a program code; and 
a processor to execute the program code to: 
invoke original layout information for digital report ele 

ments rendered on an original layout region, wherein the 
original layout information comprises coordinate values 
and original dimensions including height and width val 
ues of the digital report elements rendered on the origi 
nal layout region; 

automatically generate an optimized layout plan for ren 
dering the digital report elements on the target layout 
region comprising: 
determining an order of the digital report elements, 

along a first coordinate axis; 
classifying the digital report elements into multiple 

arrays based on the original layout information and 
the determined order; 

deriving origin values for the digital report elements in 
the multiple arrays based on the original dimensions 
of the digital report elements, wherein the origin val 
ues are derived along at least the first coordinate axis 
and the second coordinate axis, wherein deriving the 
origin values for the digital report elements along the 
first coordinate axis comprises: 
traversing at least one of the multiple arrays sequen 

tially along the first coordinate axis; and 
dividing a sum of maximum of width values of the 

digital report elements in the at least one of the 
multiple arrays that is traversed by a sum of maxi 
mum of width values of the digital report elements 
in the multiple arrays; 

further wherein deriving the origin values for the digital 
report elements in each array of the multiple arrays 
along the second coordinate axis comprises: 
traversing at least one of the digital report elements 

sequentially along each array of the multiple 
arrays; and 

dividing a Sum of height values of the at least one of 
the digital report elements that are traversed in a 
corresponding array by a sum of height values of 
the digital report elements in the corresponding 
array; 

determining fractional values for Scaling the original 
dimensions of the digital report elements in the mul 
tiple arrays based on the derived origin values of the 
digital report elements, along the first coordinate axis 
and the second coordinate axis; and 

determining target layout values as a function of the 
derived origin values and the determined fractional 
values; and 
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arrange the digital report elements on the target layout 
region based on the determined target layout values. 

11. The device of claim 10, wherein the original layout 
region is associated with a second device communicatively 
coupled to the display device. 

12. The device of claim 10, wherein the digital report 
elements include charts and images. 

13. The device of claim 10, wherein the display device 
includes one of a communication device, a computing device, 
a tablet PC, a PDA, a computer, or any portable electronic 
device having a display. 

14. A system operating in a communication network, com 
prising: 

a source system; and 
a computer comprising a memory to store a program code, 

an interface, and a processor to execute the program 
code to: 

receive from the source system, original layout informa 
tion for digital report elements rendered on an original 
layout region, wherein the original layout information 
comprises coordinate values and original dimensions 
including height and width values of the digital report 
elements; 

automatically generate an optimized layout plan for ren 
dering the digital report elements on the target layout 
region comprising: 
determining an order of the digital report elements, 

along a first coordinate axis: 
classifying the digital report elements into multiple 

arrays based on the original layout information and 
the determined order; 

deriving origin values for the digital report elements in 
the multiple arrays based on the original dimensions 
of the digital report elements, wherein the origin val 
ues are derived along at least the first coordinate axis 
and the second coordinate axis, wherein deriving the 
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origin values for the digital report elements along the 
first coordinate axis comprises: 
traversing at least one of the multiple arrays sequen 

tially along the first coordinate axis; and 
dividing a sum of maximum of width values of the 

digital report elements in the at least one of the 
multiple arrays that are traversed by a sum of maxi 
mum of width values of the digital report elements 
in the multiple arrays; 

further wherein deriving the origin values for the digital 
report elements in each array of the multiple arrays 
along the second coordinate axis comprises: 
traversing at least one of the digital report elements 

sequentially along each array of the multiple 
arrays; and 

dividing a sum of height values of the at least one of 
the digital report elements that are traversed in a 
corresponding array by a sum of height values of 
the digital report elements in the corresponding 
array; 

determining fractional values for scaling the original 
dimensions of the digital report elements in the mul 
tiple arrays based on the derived origin values of the 
digital report elements, along the first coordinate axis 
and the second coordinate axis; and 

determining target layout values as a function of the 
derived origin values and the determined fractional 
values; and 

arrange the digital report elements on the target layout 
region based on the determined target layout values. 

15. The system of claim 14, wherein the system is an 
on-demand solution accessed over the network using a web 
browser. 

16. The system of claim 14, wherein the original layout 
region is a landscape layout and the target layout region is a 
portrait layout. 
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